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INTRODUCTION 

Of  the  three  rusts  of  wheat,   black  stem  rust,   pucclnla 
graml.-ils   tritlcl,   stripe  mist,   Pucclnla  glanarum,  and 
oi«n-  s  loaf  rust;    Puaol.da   trltlclnr.,   tie   lea.*'  rust  Is  un- 
doubtedly the  mout  widespread.     It  Is   reported  in  every 
•  heat,  growing  arsa.     In  spite  of  its  worldwide   dissemina- 
tion,  it   is  not  <xtaaldeced  «ith  as  muc'a  alarm  as  either  of 
the  other  two  rusts.      IM  reason  for  this  feeling  among 
f>*rffl«rs,  agronomists,  and  plant  pathologists  is   that  this 
rust  is   limited  to  the  leaf  jblades  and  sheaths  except  undjr 
umsi-ally  hoavy  infection  i»hec  the   ste^s  ore  attaoited.     ihe 
raduotion  ii  yield  ttue  to   this   rust   is  not  ao  marked  as  in 
the  case  of  stem   rust,   bsotiuae  even  under  heavy  Infection 
leaf  rust  does  not  cause  shriveling  of  greia. 

•Wm   OF  IJTESVTURE 

As  early  as  1841  :»nslo»   (21)   distinguished  between 
atom  rust  and  leaf  ,-u3i  rhich  ho   celled  y_;jedc_  ll.tearls  and 
I' red?  rvblgo  respectively.     He  said  that  the  latter  wus 
r.ot  so   destructive  to  wheat  as  the   former,    "wheat  mildew," 
but  thought  it  inl^ht  be  the  same  organism  in  a  different 


stage  of  fructification.      He  atated  that  on  t  :e   continent 
rust  la  more  prevalent  while   in  En^laud  "mildew"   la  tlie 
■ore  Important. 

Carleton  In  1896  (9)  expi-esaed  the  opinion  that  leaf 
rust   la  of  very  llttlo  Importance   conaer dally  and  In  1899 
(10)   ha  aaid  he  knew  of    to  well  authunticatud  caae  of  leaf 
ru8t   causing  s  irlvellng  of  grain.     In  a   letter  to  William 
Fairer  (14)  he  atateu  that  leaf  rust  of  wfoeut  known  aa 
pucclr.lp.  r-utlqo  vera    -»v  r  ooes  serious   daiuajje  la  toe 
Un'tei  Sti-tea.     9rm  Australia  UcAlpi.ie   (40)   voiced  the 
same  opinion  mat  %llllam  Jairor  (14)  worki-y  on  wheat 
breeding  In  Austiv  lit   lamented  the  fact  that  he  wasted  so 
■uoh  time   broedln.-;  wheat  for  resistance   to  this  harmless 
parasite  and  stated  he  would  no   longer  work  on  that  problem. 
Freemen  and  Johnson  in  1311   (15)   espres.-.ed  t>»  opinion  that 
although  leaf  rust  is  widespread,   exteurjirv  ovor  the  esst- 
•n  ht  If  of  the  u  J-tod  States,   the  loasos   caused  by  It  are 
not  ccmpiirr.bic   to   these   caused  by  stem  rust. 

Voro   recently  losses   from  leaf  rust  have   been  more 
carefully  ostinatod.     ia  1917  j^elowra   (41)   reported  an 
estLwte  of  a   losa   1:.  yiold  of  38  per  cant  In  Inproved 
pertayw  (r/06),  at  HatJiattan,   Kansas,   dim   to   leaf   rust  Ehlca 
was  very  abundant  on  the  leaves  and  peduncles. 


In  1919  the  United  States   Department  of  Agriculture 
beyan  a  definite  program  of  work  on  this   disease  in  coopera- 
tion »lth  Purdue  University,   la  Payette,    Indiana.      Toe  Plant 
Disease   Reporter  (1)   estimated  the  losses  due   to   leal   rust 
la  the  United  States  ae  2.9  per  ce;.t  cr  2o,6£o,000  bushels 
rid  '.a.  Kansas  as  8  per  osnt  or  10,^.14,000  busaels  for  the 
ye«r  1927. 

In  greenhouse  tests  unuer  controlled  conditions, 
W»in>j   (£3)   reported  the  t  losses  in  yield  due   to   leaf  rust 
cepe  idea  on  t  *   severity  of  infection  and  on  t'«  suscepti- 
bility of  the  varieties  grown.     VKhen  shear,  plants  are  au.- 
jeet  to  leaf  rust  throughout  their  lives,   they  produce  no 
seec.     shen  infected  only  in  the  heading  stage,  as  is  most 
common  under  field  conditions,   ho  l'ou.ui  losses   in  yield 
longing  from  15  to  25  per  oent.     On  to  infected  plants 
fralna  «t   the  bn3e  and  tip  of  the  spike   filled  to  fill, 
due   he   thoiight,    to  starvation. 

Jo  ins  to  a*  lnocalaied  potted  plants  of  a  rssletact 
strain  of  mi«-tor  (*i:lhnrd)  and  a  susceptible  strain  of 


Johnston,    u,  o.     Sffect  of  leaf  rust  on  yield  of 
vhest  in  t  o   ^ivsa'-iouse.     Annual  Report   (u.vpublisaed). 

1926,  pp.  72-74. 

r_m      Effect  of  leaf  rust  on  yield  of 

aheat  in  tie  greeruouse.     Annual  Roport  (unpublished). 

1927,  pp.   97-98.     Annual  reports   filed  in  Dept.  of  Botany 
and  Plant  Pathology,   K.S.A.C.  and  in  office  of  Cereal  Crops 
and  Diseases,   U.S.D.A. 
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Kalatof  with  form  9  in  t  tf  ^greenhouse.     Be  also  put  unln- 
oculi.tod  plants    In  t  ,e  moist  chamber  as   c  leeks  a  id  care- 
fully neasurod  the  differences   in  yield  due  to  t  se  leaf 
ruat.     In  both   jears  he  ^ot  a  greatly  reduced  yield  in 
weight  of  grail.*  per  tjla:.t,  22  por  cert  in  1926  and  55 
per  cont  in  19^7.     Sb*  lower  ./leld  in  t!.e  susceptible 
variety  was  duo  to :     a  decrease  of  tie  umber  cf  heads 
formed,  a  aoeiov.ac  La  number  of  0rai:is  per  head,  and  a 
reduction  cf  aUe  of  l.itiividual  j^rai-s.     Ir.  nslt'>er  year 
»«b   t>>e  efJoet  of  the  rust  sho*-n  la  shriveling  of  the 
grain.     The   pviioestei-  plants  did  not  show  o   decrease  in 
yield  d-.«c  to  the  rust. 

(Touldon  and  ISldcrs   (IS)  studied  yield  a   d  nst  infec- 
tion statistically  in  Manitoba.     They  found  a  hl^h  negative 
correlation  between  yiold  and  stnm  ruat  inl'eotlon  aod  lower, 
but  stotlr.   lc  IXj  significant,  negative-  correlation  between 
yield  and  leaf  ruat  infection. 

The  problem  of  rust  resist*  ce  in  wheats  !ias  received 
the  attention  cf  scientific  men  for  a  lon^  time.      In  this 
connection  It  is  twfcnwMnf,  to  see  fi  js   t bat  have 

taken  place  la  t  c  viewpoint  of  -jlar.t  pathologists  and 
plant  breeder*  with  respect  to  the  i.rotabls  basis  cf  re- 
sistance.    Thore  has   boon  a  decided  a  lift  from  the  morpho- 
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logical  to  the  pliysiolo^ical  point  of  view  . 

BenaloB    (21)    :icted  thft  Uredc   ruai^,   leaf  rust  of 
■heat,  M  rsore  Injurious   in  tie  hairy  c  iaffe<i  wheats  and 
more  especially  In  a  variety  called  ytiite-tur.stali.      Bolley 
(4)   in  Indiana  said  ■.dte  whoafcs  yrouuce  sorter  £..d  aore 
sucsuloiit  ItMJe  which  la  more  favorable   fee   growth  of  the 
rust  parasite. 

Cobb  la  1692  (12)'  noted  that  early  wheats  escaped 
ruet  i-ifoction,    but  ao  fer  as   ha  j  waoat  w«.s  met 

proof.     He  aiai.irifuished  bJtween  rust  proof  aad  rust  resii 
teat  wheats.      '*  coservea  that  rust  res  lata  it  varieties 
have   aairjv,  s  ilff ,  epglgM  fcliaue.     The  reverse   is   true 
of  raat  liable   tyres.      Rust  resistant  wheat?  also  have  a 
thicker  cuticle.      :*  also   considered  waxy  bloom  and  leaf 
hairs  as  aids   in  rust  leaistance.      'tttcaooclc  a..d  Carleton 
(•ft)   in  Sa.aaa  noted  the  suae,     i^anwl   (47)   thought  the 
hard  wheats  MM  less  subject   to  rusu  than  soft  wheats. 
Vracy  (54)   U  .iistiaslppl  In  leas  fo-uid  all  varieties  he 
tested  iserc  mere   e*  less   liable  to  rust. 

Barrez    te4M«MUa   (14)   uotsd  the  differences  of  rust 
rerctione  of  varieties  under  cdffere.it   conditions.     He  pos- 
tulated on  t!ie  meciiar.icni  type  of  resis^ice  which  iiay  be 
due   to  vory  smll  stoma  not  large  enough  to  allow   the  fun- 
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gua  to  gain  entrunoe,  or  to  leaf  oovoringa  with  waxy  sub- 
stance which  prevent  euough  moisture  from  collecting  on 
the  leaves   to  allow   spore  germination,   or  to  leaf  epidermis 
too  tough  or  t oleic  to  allot'   t  le  orju.olsm  to  aporulate,  or 
to  erect   leaves  which  prevent  spores   fro.ii  staying  on  then, 
or  to   habit  of  ripening  which  may  prevent  t  .e  disease  from 
ns.ld.ng  great  progress. 

Carleton  (10)  made  some  generfciisod  statements  about 
leaf  ruat  resistant  wheats.     He  said  t.;ey  are   somewhat 
dwarfed,    oioso,    oompnnt  plants  with  few,   narrow,  stiff  and 
ereot  leavas  wliioh  have  a  tough  dry  cuticle  often  with  a 
glaucous  or  waxy  surface.      The  heads  are   compact  and  the 
grains  are  narrow,   hard,   small  and  heavy.     Theae   character- 
istics he  said  were  also  desired  for  drought  resistance  as 
well.     He  added  the  statement,   however,   that  every  variety 
will  ruat   if  it  matures  late.     The  bearded  hybrids  from 
Farror  were  more  resistant  than  the  awnless  ones.     Marshall- 
Ward  in  1902   (36)  abandojed  toe  physiological  hypothesis  of 
rust  resistance.     He  worked  with  the  brown  rust  r-ucclnla 
disperse  on  too  arouie  Gausses.      He  concluded  from   ills  work 
that  toe  sise  of  stoma  or  tie   number  of  stoma   has   no  rela- 
tion to  rust  susceptibility.     He  further  showed  that  ruat 
resistance  was  independent  of  otaer  morptiolo&ical  charac- 
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ter8.     The  factors  which  govern  susceptibility  or  immunity, 
he  said  were   the  same  as   those  which  covjrn  the  fertility 
and  sterility  of  too  stltjna  to  pollen. 

tolley  and  ITitc  *rd  (6)   noted  the  varying  reactions 
of  wheats  iu  different  localities  In  1903  and  In  1903 
Dolley  (5)  was  beginning  to   oolieve   disease  resistance  was 
physiological  rather  than  structural. 

Butler  working  in  India  in  190G  (7)  saw  t'.-e  problem 
rust  rasistanco  in.  &  lew  light.  To  him  resl&W.ce  to  ea 
ki.:d  of  rust  must  be  considered  separately,  for  reaistam 
to  one  does  not  imply  re&latance  to  another.  Furthermore, 
resistance  oust  bo  worked  out  in  the  locality  in  which  the 
■best  is  to  b>;  grown. 

Blffen  was  probably  the  first  to  study  disease  resls 
taiee  from  a  uendollan  point  of  vies.     The  wheat  rust  with 
whloh  ha  worked  was  Fucclnla  gluuarun.     He  said  la  1907    (2) 
that  immunity  la   lndepe..der  t  of  any  discernible  morphologi- 
cal character  and  it  is  practicable  to  breed  varieties  mor- 
phologically slallar  which  are  immune  or  susceptible  to 
attaoks   ef  certain  pnrusitlc  fuuji.     Foi  la  l'Jll  (46) 

said  that  the  problem  of  rust  resistance  cannot  be  solved 
by  studyi.^,  t:.e  host  plant  alone,   but  the  parasite  must  be 
studied  as  well,     aa   cited  experiments  in  which  by  crossing 
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a  susceptible  with  a   resistant  wheat  and  Inoculating  the 
hybrid  with  rust.  It  was  possible  to  transfer  rust  from  the 
hybrid  to  Vie   resistant  parent  ar;d  get  infection.      This 
phenomenon  he   called  "bridging." 

Douevoi',   31ffen  did  not  a<jres  with   this   interpretation 
and  la  1912  he  published  a  paper  (3)   in  which  lie  showed 
that  suscoptlble  hybrid  plants  grown  aide  by  side  with  re- 
sists  t  •  KM   had  not  ctianged  the  reaistanoe  of  the  latter 
In  tie  Fo   generation.     !la   called  attention  to  tie   faot  that 
Rivet,  a  runt  resistant  whecit  of  Kn^land,  had  maintained 
its  resist    ^ce  ever  a   I0V2  period  of  tine. 

Station  (49)  s^ld  resistance    is  probably  a   dolloate 
balance  bstween  host  and  parasite  which  Is  dope.Kjent  to  a 
certain  extent  on  the  environmental  conditions. 

Since   the   discovery  of  physlolo^io  forms  of  stoat  rust 
Stiitonanard  plomolsel  1917   (50),  Melc  :ers  and  Parker,   1918 
(42)   of  iMf  rust,   Bains  and  Jackson   in  1921   (34,   35),   and 
stripe  rus*,  .lu.-.-erford  and  owens   In  1923   (24)   t  o  problem 
of  breedi'c  nheats   for  resistance  to   the  ruots   tins   boen 
looked  upon  In  tbo  light  cf  physiolo;;io  forms.      Knowledge 
of  the   pro  a  o   ce  cf  distinct  physiologic  for^s   did  much   to 
explain  the  reasons  for  difference  of  reaction  of  a  variety 
In  different  localities. 
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However,   the  problem  of  rust  resistance  has   become 
more   complex  than  ever  before.     The   Inheritance  of  resis- 
tance  to  single  biologic  forms   of  stem  rust  has  often  been 
demonstrated.     Mains,  Lel^hty,  and  Johnston  (37)    have   shown 
that  resistance   to  physlolo0le  forms  of  leaf  rust  also   be- 
haves as  a  Her.dellan  character. 

Mains   (36)   lias   reported  12  distinct  physiologic  forms 
of  leaf  rust.     He  says   t  at  resistance   is  not  limited  to 
any  group  and  is  found  in  all  typos  except  club  w  flats, 
and  some   club  types   have  been  bred  for  reals  ta.ce. 

The   ooraplexity  of  the  problem   Is   becoming  greater  with 
our  increase  of  knowledge.     Mains,   Leigbty,  and  Johnston 
(37)   found  t  >at  resistance  may  be  either  dominant  or  reces- 
sive,   depending  on  the  variety  and  the   form  of  rust  used. 

Stem  rust  workers,   Ooulden,    iteatby,  and  Kelch  (19) 
have  gone  still  furt*r  and  have  shown  that  t  ie  same  fac- 
tors, or  very  closely  linked  ones,   govern  the   reaction  to  a 
number  of  physiologic  forms  of   rust  and  that   the  resistance 
of  one  wheat  variety  to    a  certain  form  cannot   be   combined 
with  the  resistance  of  another  variety  to  another  form,   be- 
cause the  rust  reactions  of  the   two  wheats   to  the   two  foitas 
are  allelemorphlo. 


Reoent  developments  la  tie  study  of  rust  resistance 
in  wheut  make   It  of  prima  importance   to  study  tie  problem 
with  known  paysiolo^lo  forms. 

Johnstons  has  also  found  strains  of  wheat  which  show 
resistance   to  a   known  form  of  rust  it  oil*  the  variety  from 
which  t  i08u  resistant  lines  were   selected  is  susceptible. 
In  some   oases   these-  strains   ounnot  be   distingula  *d  from 
t'.*  parent  variety  morphologically  or  agronomics  lly. 

Another  difficulty  which  may  be  encountered  in  breed- 
ing for  rust  resistance   le   t  »  possibility  of  the  physio- 
logic forms  ohanging  or  mutating.     Pole-Evans   (48)    called 
attention  to  the   necessity  of  studying  the  fungus   in  con- 
nection with  rust  resistance,     isars  mil-Hard  (38)   said  the 
fungus  could  bo  bred  and  selected  as  well  as   the  host. 
Stalonan,   Parker,  and  ?iomeisel   (51)   considered  that  physlo- 
logie  forais  are  relatively  constant  and  believed  there   is 
nothing  to  Pole-Evans'    bridging  hypothesis.      Recently, 
however,    Sewton  and  Johnson  (46)   have   discovered  a   color 
mutution  in  a   known  physiologic  form  of  Pucclnla  gramlnls 
trltlcl.     The  virulence  or  physiologic  reactions  of  the 
mutants  were  like   those  of  the  parent  form. 


fljohnston,  c.  0.  The  occurrence  of  strains  resistant 
to  leaf  rust  in  certain  varieties  of  w  ;eut.  -ow  in  press. 
Jour.  Amur.   Soo.  ii^r.   Vol.   21,   1929. 
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Johnston  and  Sielo  iurs   (27)  working  wlta  known  pnyslo- 
logio  forms  of  rust  on  purs  lines  of  wneat  nave  iatfclw  -own 
t.at  a  nunber  of  varieties   iiave  a  constant  rust  reaction 
throughout  the  different  stages  of  growth,  while  others 
have   changing  reaotlona.     Susceptible  seedlings  usually 
become  more  resistant  at  heading  time.     The  same  p.»uoaenon 
has  been  demonstrated  with  stem  rust  (20).     These  facts  aid 
in  explaining  the  disparity  between  field  and  greenhouse 
rust  reactions  and  at  the  same   time  add  difficulty  to  the 
general  problem  of  studying  rust  resistance. 

Considei-able  attention  has  been  paid  by  a  number  of 
investigators  to  rust  resistant  and  rust  susceptible,  or 
in  the  language  of  earlier  writers,   rust  liable  wheats. 

In  many  cases  the  reader  is  left  to  guess  which  rust 
the  earlier  investl^tors  were  writing  about. 

Bolley  (4)  working  in  Indiana  found  Fulcaster,  Diets, 
longberry,  and  igyptlan,  resistant.  Velvet  Ohaff  was  moat 
susceptible   to  Pucolnla  rubl^o  vera. 

Stubbs    (53)   reported  some  varieties  wnich  remained 
free  or  almost  free  of  rust  in  Louisiana  wnere  leaf  rust 
is  always  prevalent.      Those  varieties  with  t  le  least  rust 
were  Fulcaster,   Golden  Cross,   Die  il  Mediterranean,   Purple 
Straw,  and  Red  Russian.      Latta   (28)   in  Illinois  reported 
amount  of  rust  infection  in  terms  of  tl*  proportion  of 
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•talks   rusted.     He  did  not  specify  t  e   rust,   but  It  la  pre- 
sumed he   had  stem  rust,   3ince  the  stalks  were   diseased. 
Early  Amber  stowed  only  10  per  cei.t  rust  while  sons  other 
varieties   showed  100  per  cent.     In  1894  he  and  Ives  (29) 
rade  another  similar  report  in  which  Ohio  Bluestem  and 
Ulgger  were  only  20  per  oent  rusted  in  comparison  to 
100  per  ooj  t  for  Fulcaster.     Oeoreeson  et  al   (17)   in  Kansas 
tested  over  200  varieties  and  found  a  number  of  varieties 
only  slightly  rusted.     Among  those  were:     Sold  Cross,  Kichi- 
gan  Amber,   Purple  Straw,   Eversole,    Fulcastor,   Sibley  3ew 
Polden,   Turkey,  and  Zlmmenoan.      Nigger  was  badly  rusted. 

Fsramel   (47)  reported  a  number  of  varieties   badly  rusted 
In  Iowa.      Velvet  Chaff  and  Bluestem  were  only  slightly 
rusted.      In  1890  all  the  spring  wheats  were  more  or  less 
severely  rusted  and  some  of  tie   varieties  were  entirely 
worthless.     Some  of  the  winter  varieties  showed  very  little 
Injury  due  to  the  rust.     These  were  Turkish  wheat,   Golden 
Cross,   Bod  Pulta,  Ontario,   'few  Monorc:i,   Fulcaster,  a:  d 
Diets   Lor-berry.     In  1899  Carletoii  (10)   published  a  very 
comprehensive  study  of  leaf  rust  reslsta-.co.     He  studied 
over   1,200  varieties  a.-id  strains,  many  of  which  were  dupli- 
cations or  unfixed  hybrids,     ile  listed  over  90O  varieties 
which  had  been  tested  for  three   years  to  leaf  rust.     In 
1895  fie  nursery  was  at   Oarret  Park,  Maryland.      The  only 
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rust  present  was  leaf  rust  and  it  was  very  ftfausfaata     In 
1896  and  1897   the  tests  iero  made   near  Sallna,   Kansas,  and 
at  Vanhattan,   Kansas,  where   both  leaf  and  stem  rusts  were 
proeent,  but  leaf  rust  101  more  prevalent.     The  winter  of 
1896  was  very  aevare  and  many  varieties  were  killed  out. 
In  his  tables   bo  excluded  all  varieties   tested  la  one  year 
only.     This  list  of  w  teat  a   contains  many  hundreds  of  s  -eats 
which  are  now  unknown. 

In  addition  to  this   he  teoted  wheats   for  leaf  rust  re- 
sistance at  BHWjtwjg,  Kichljan,   1896,   Liberty,   I-  Stoma   1896, 
Cheyenne  Wells,    Colorado,   1097,  and  Bob    Creek,  laneas,   1897. 
Of  the  winter  wheats  which  proved  to  be  rust  resistant  to 
oran^  leaf  rust  in  the  United  states  he  naiaed  Turkey, 
pennonite,   Prln;les  #5,   Rietl,   Odessa,  and  Prln^les   Defi- 
ance; of  the  spring  wheats,    !»ynes   Blueatera,   Saskatchewan 
Kife.     The  following  varieties  proved  resistant  but  had 
not  been  established:     Thelss,   Orejon  Club,   Sonera,   Dlehl 
Mediterranean,   Fuloaater,   Diets   Longberry,  Arnold's   Hybrid 
and  California   Spring.     Amo:\,  t  a   Introduced  varieties   not 
yet  fully  acollraatod  he  listed  Sinter  Ohirla,    Banatla, 
Bearded  Winter  Budapest,   Crimean,  and  Sprin£  Ohirka.     Larly 
varieties  which  eaoapod  ruat  were  Uarly  May  and  JSifluaurraan. 
Anonc  the  varieties  which  he  said  were  probably  l/orthy  of 
furt  er  trial  were  Early  Baart  and  Kathla.     Carleton  also 


gave  an  exte.^alve  survey  of  varietal  resistance  to  orange 
leal   rust  fouiid  by  other  iuves titters   in  the  United  States, 
Canada,  Australia,   India,  a.id  Sweden. 

butler  (7)  in  190(3  said  Kftthla   had  proved  resistant 
to  the  three  Indian  rusta  and  had  been  recommended  by 
Carleton  (10)  as  worthy  of  furt  ier  trial. 

Rerraf  was  reported  by  McAlpiae   (39)   tc  be  resistant 
to  stem  rust.     Only  four  reports  out  of  159  said  it  was 
heavily  infected.     In  190S  acAlplne   (40)  reported  bobs  as 
free  from  all  the  rusts  excopt  Puocluia   trltlclna. 

Carleton  (11)   called  attention  to   the  resistance  to 
rust  shown  by  the   durum  wheats  and  alio  to  the  treat  varia- 
bility even  in  tills  group,     fcauser  and  tlnkoru  were  also 
found  to   be  rust  resistant. 

Pole-fivans   (48)   louad  Bobs  waloh  was  resistant  to  rust 
in  Australia   (3S)   to   be  very  susceptible  to  leaf  rust  at 
Pretoria,   South  nirioa,   both  In  the  field  and  sreeuhouss. 
It  was  Immune   to  stem  rust  at  Pretoria,   but  very  susceptible 
In  the  Low   oouatry  a.id  ot.ier  partB  of  the  Trausvas.1, 

Melchere  and  Parker  in  19£0  (44)  published  an  aooount 
of  three  Crimean  selections,   Kaared,  P1063,  and  HOGB  which 
had  shown  nigh  reslstai.ee   to  leaf  rust  in  the  field  for  six 
years.     In  1919  Kanred  was   distributed  well  over  the  state 
•    of  Kansas  and  showed  but  10  per  cent  rust  in  comparison  with 
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50  to  100  per  oent  la  the  oase  of  other  varieties  In  the 
aame  year.     These  authors  had  previously  reported  (43)   that 
Eanred  was  reslstart  to    stem  rust. 

An  extensive  survey  of  the  leaf  rust  percentages  of  a 
large  number  of  wheats,  both  spring  and  winter.  In  a   number 
of  experiment  stations  scattered  well  over  the  wheat  grow- 
ing area  Is  now  In  preparation.     This  contribution  will  be 
published  as  a   United  States  Department  of  Agriculture 
bulletin  by  E.   B.  Mains,    C  .  E.   L&lghty,  and  C.   0.  Johnston. 
They  have  found  that  Kanred  had  low   rust  percentages  In 
cone  places  and  high  in  others.     P1066  and  P1068  have  not 
been  tested  extensively  since  1925,  but  they  have  low  rust 
percentage  wherever  tested  prior  to  that   tlmo.     Prelude 
is  susceptible  in  Indiana,   but  usually  exhibits  resistance 
at  other  stations.     Mediterranean  and  Tenmarq  are  not  uni- 
formly resistant.     Democrat  and  Fulhard  are  generally  re- 
sistant In  Vie  Sout  west.     Kfrwvale  la  almost  uniformly  only 
•lightly  rusted.     Uany  crosses  were  tested  and  these  also 
vary  at  the  different  stations.     P1066  X  Puloaster,   however, 
usually  had  only  low    rust  percentages.      The  Duruws  were 
highly  resistant.     Very  low   rust  percentages  were  found  on 
all  of  the  varieties  of  durum  wheat  tested. 


KATBKULS  kW  UETXJS 
i'loid  Studies  of  Varieties 


A.  survoy  study  of  t  *  leaf  rust  percentages  of  varie- 
ties of  winter  wheats  grown  In  the  orop  improvement  nursery 
slne<    1017  was  made.     The  varieties  were  arranged  in  alpha- 
bets nl  order  and  Vie  rust  percentages  for  each  year  taken 
from   i'.ye   nursery  records.      !to  rust  notes  were  taker.  In  years 
In  wllch  only  a  light  infection  occurred. 

A  similar  study  wae  .hade  of  the  varieties  grown  in  the 
leaf  rust  nursery.      The  reccrds  from  this   nursery  were  not 
oorabl.nod  nith  those  froa  t'ic   crop  Improvoiaent   nursery  be- 
eaus«    |M   land  of  te  leaf  rust  nursery  Is   low  aid  damp  and 
Infection  1«   usually  higher  than  in  other  fields,     /.leo  ar- 
tificial liU'ectioa  is  provided  in  the  ltmf  rust  nursery. 

In  u?-der  to  avoid  cumbersome  figures,   t  it)  average  of 
the  two  extremes  were  used  w.iea  rust  readings  were  taken 
oovir.       .     l-j.  aidernaie  radge.      In  case  a  variety  was  grown 
In  mora  USUI  one  place  la  tlie  nursery  an  average  was  taken. 

Oreeniiouse  studies 

*e  spring  and  early  sinner  of  1027  was  a  very  rainy 
period.     Km  a  result,  much  of  t!ie  grain  In  Vie  nursery  was 
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lodjed  very  badly.     A   heavy  i.-ifectloa  of  leaf  rust  was  pres- 
ent on  May  of  the  wheats.     A  lar^e   number  of  head  seleotlor 
wer>  made    In  the   crop  improvement  nursery  in  those  reus 
whlJh  sho*<3d  the  greatest  freedom  from  loaf  rust.     These 
heal  selections  were   threshed  ii.dlvidually.     It  was   desired 
to   test  tluso   resistant  wheats  in  the  greenhouse  with  a 
knoin  form  of  rust.     Ten  grains  were   taken  from  each  of  the 
hea  1  aeleotions   for  greenhouse   testing,     over  seventeen 
hur. 3rid  of  these  pedi^rae  aeleotions  were   tosted  in  the 
greanhouse  with  physiologic  form  9  of  puoclnla   trltlolua. 
The  remainder  of  the  eoed  from  each  bead  selection  was  to 
hav3  been  planted  la  head  rowt  ta  the  nursery.  .  The   iiiMbor 
was   too  lnrge   to  be  handled  either  in  the   orop  improvement 
nursery  or  the  leaf  ru3t  nursery  so   it  was   divided,   half 
bei-ii    vmamtgmM  to  eao:i  nursery,      aonevtr,  when  the  planting 
list  was  r.ade  out  for  the   orop  improvement  nursery,   it  was 
fou id  t  At  space  was   not  suffioier.t  for  all  of  the  selec- 
tions.    A  large  niwber  were  then  discarded.     These   discarded 
hea  1  selections  were  uned  to  make  additional  tests  of  the 
rust  suuoaptibillty  of  seedling  plants. 

Most  of  the  head  so  lections  were  made  in  hybrid  wheats. 
With  each  pls.nting  of  this  weed  for  greenhouse  testa,  a  few 
pot;   of  both  parental  varieties  were   tested  also. 
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The  scads  were  planted  In  t»o-lnch  pots.     The  pots  sere 
kept  in  snoot  .netul  pans  which  were  about  an  Inch  deep. 
Kaon  pan  held  about  100  pot-n.      The  plants  were   supplied  altb 
raols'.ura  by  keeping  water  In  the  pans. 

IM  the  plants  were  10  to  14  days  old,  they  were  ln- 
oeulitod  with  leaf  rust.     The  method  used  was   vory  similar 
to  tat  cisjorlbed  by  Molchers  and  Parker  (45)   a  .id  italics   (31). 
Thai    wtted  plants  aero  placed  in  a  sheet  metal  cylinder  open 
at  t?th  er.da  End  about  fifteen  Inches   hl^h.     Those   oylir.dora 
aere  kept  under  the  benoh  to  keep  them  in  t:»  shade.     Before 
the  ootted  plants  aere  put   In  these  moist   chambers   the 
grouid  undor  the   cylinders  was   thoroughly  aetted.     The  pots 
aere   then  nlaced  in  the  cylinders  and  atomized  wit  b  tap 
■ater.     Other  plrnta  heavily  infected  aith  rust  aere  vl^r- 
ously  shaken  over  the  plants  in  the  moist   chamber.     This 
■ethod  gives  a  fairly  even  and  satisfactory  distribution  of 
spores  over  the  plants.     A  pane  of  greenhouse   ^laes  was   then 
plaesd  over  the   top  of  the   cylinder  a,&  left  there   for  48 
hours.     The  plants  aere   then  put  baok  in  the  pans  and  alloaed 
to  tajsjftla  for  10  to  12  liiys^whon  the  rust  notes  weie  taken. 

i.»nder  unfavorable   conditions   *■»   infection  aas  vory 
poor.      In  t "ess   eases  tio  plants  wore   then  roinoculated  as 
soon  as   it  was  found  t  »t  the   first  lnooulatlon  was  a  fail- 
ure.    Under  t><oae  conditions  wheat  mildew,   J.rysiphe  graminla 


beoane  a  vory  serlouo  peat  In  that  It,   Interfered  with  clear 
rust   tv*. '1,13s.     'i'hls   dleeaeo  wus   held  In  oheok  as  -puoh  a* 
poes  lole   by  dusting  young  plaits  with  "Grape  Dust,"  a  sul- 
phur compound  dust,  after  tuay  were   Inoculated.     This  viae 
left  on  until  just  a  fes  days  before  Vie  ru3t  pustules  were 
formed.     The  .la  ,ta  on  which  the  inoculum  wis  propagated 
■ere  dtsoardod  as   soon  as  possible  to  keep  the  mildew   in 
chec   . 

The  aced  available  for  greenhouse   testing  In  1927-19l!8 
•as   neceuBnrliy  llraiced,  axespt  of  the  parental  wheats.     In 
the* J   latter  oasos  and  In  the  tests  made   In  the  jroenhouso 
1     1  ■■■;    -llc9,   the  seed  was  sown  very  thickly  In  the  potB   io 
insure   si  very  dense  atu-d  of  plar.ts. 

In  1928-1929  a  trial  was  ,-,»de  of  planting  the  seed  la 
the  soil  of  the  c-ive.iho:»3   bench.     Boas  were  i,*de  2  inches 
apart  and  1   Inches   long  In  a  small  groove*     The  seed  was 
plaited  ana  covered  about  £  Inch  with  soil  and  thou  the  bod 
was   sprinkled  with  water.      The  seedlings  were  supplied  with 
water  by  sprinkling  then   dally.     When  t M  seedlings  were 
about  wwa  weeks  old  they  were  molstoi.od  with  a   fine  spray  of 
water  and  the  Inoculum  dustod  on  by  shaking  pots  of  heavily 
ras'ed  plaits  over  them.     A  heavy  muslin  canopy  was   then  put 
op  ever  the  plants  and  kept  wet  for  43   lours.     -This  ■ethod 
did  not  prove  satisfactory  ae  very  poor  Infection  resulted. 


and  bus   t;«»refore  abandoned.     The  method  has   certain  tlme- 
Mvlng  edvnntages  over  tiie  otber  or».     as  t:je  rust  note* 
wen    taker,  t  ie  plants  were  pulled  out  and  a  new  set  of  eeed 
ess  plu^ted  isnediatel./. 

The   decree  of  susceptibility  or  immunity  see  determined 
by  feM  rusi  scale  used  by  other  iaveetlriatora,   Stakaaa  Mi 
Levirw  (58),  Mains   (SI),   and  J 0:1113 ton  (26). 

0.  L-.nuna,  many  hypersensitive  areas  or  flecks,   no 
ure.:li;iia. 

1.  Wjhly  resistant,   fe*  minute   uredinla  surrounded 
by  ;"ello^    lecrotio  arei.s,  aany  flocks. 

2.  ttoderately  wajfc^.t,   fes   to  a  moderate  number  of 
■nail  ursdinia  asoompanied  by  chlorosis,    c'.ilorctlc  arose 
occt  s  tonally  ultiiout  uruJi-iia. 

3.  Moderately  susceptible,  many  lurge  urodinin  scme- 
tira<s   surrounded  by  yello*iai:  or  flPMM  islands,   no  flecks. 

•1.    Oorvpletely  susceptlDle,  many  large  uredlnia  occa- 
sion lly  »sirroundacl  by  sreen  islands,   no   hypersensitive 
arot.3  or-  f.\e-. 

Hold  Studios,   1928 

?ho  MM*  of  1928  sas  also  vary  favorable  for  leaf 
rust    Infection.     The  rust  notes   t-ke..  in  the   leaf  rniet 
■sWMPf  neic  very  detailed.     The  rust  oluss,    MM  percentage 


of  rust  or.  t  «  upper  a  >A  loser   leaves  as  well  &»  a  descrip- 
tion of  I   of  infection  ueie  roii'i-dud  for  eaoa  strain 

:&  nuriery. 

la  tio  leaf  rust    lursiry  an  artificial  epideinlo  nas 
provided  by  transpl;'  istod  plants  from  t  o  ^roenhouse 

betvesn  t'  •)   nursory  rcvis  about  a  rod  apart  ar.d  by  spraying 
Vie  field  ;jls.  ts  nit'.i  a  «at.r  suspension  of  rust  spore* 
fren  IM   ...coenhouse. 

j   oily  ruat  .-.ot03   taken  in  Vie  crop  Improvement 
nur  ery  wore   percentages  of  rust  for  each  strain. 

The   v;rco;:tat$e  of  rust  Is  estimated  by  ueo  <. f  a  sctle 
usel  by  lb*  Office  of  Oereul  Crcpa  ad  Discuses  of  tho 
Oaited  Strtes   Deptirtrae  t  of  Agriculture. 

Correlation  Studies 

A  nunber  of  correlations  *ero   calculated  to   study  the 
religion  of  one  variable  to  auotier.     Ta  data  »ere  con- 
veniently arrnn^ad  for  eucii  correlation  study.     only  V* 
correlation  coefficients  a.id  Vieir  probnble  errora  were 

oaleul^i-ed. 
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Studies  of  Reaction  to  Other  Physiologic 
Forma  of  Leaf  Ruet 

Bulk  seed  from  •one  of  the  leaf  rust  resistant  rows 
In  the  1927   crop  improvement  nursery  was  sent  to  Or.   £.   B. 
Mains  at  Purdue   University  to   test  with  physiologic  forms 
3  and  5.      Head  selections  sere  made   in  many  of  t  jeae  rows 
so  t'ttt  it  was  possible   to  determine   t'se  reaction  of  many 
selections   to   three  forms  of  leaf  rust. 

Reaction  In  Different  Stages  of  Growth,   1920-29 

It  was  desired  to  study  the  reaction  to   leaf  rust  of 
certain  hybrid  selections   in  different  stages  of  grosth. 
About  500  selections  sere  made  from  seed  produced  in  tb» 
field  in  1928.      Two   crosses  were   used  in  tils  study,   Kanrad 
X  Marquis  arid  Prelude  X  Kunred.     Parent  varieties  were 
planted  as  checks.      The  seeds  were  planted  in  four-Inch 
pots,   one  seed  per  pot.     When  ten  days  old  the  plants  were 
Inoculated  with  rust  and  notes  were   taken  in  ten  to   twelve 
days.     The  plants  were  reinoculated  with  rust  In  the   head- 
ing stage. 
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EXPERMESTAL  RESULTS 
Varietal  Studies,   1917-28 

The  rust  peroer.tages   for  565  varieties  end  varietal 
selections  arranged  in  alphabetic  order  are  preser  ted  in 
Table  I.     It  will  be   noted  that  the  average  ruat   infection 
of  a  variety  for  the  years   it  was   tested  is  not  tjiven, 
neither  is  the  average  percentage  of  rust  for  all  varieties 
in  each  year.     Averages  were  not  calculated  because  they 
mean  very  little  and  are  often  misleading.     This   la  true 
especially  when  fie  varieties   have  not  all  been  grown  dur- 
ing tie  game  period  of  years.      It  is   not  the  average  rust 
in  which  we  are  interested. 

A  very  few  of  the  varieties  show   consistently  low   rust 
percentages  t   roughout  the  period.     The  following  varieties 
and  selection  maintained  fairly  consistently  low   rust  per- 
centages in  Vie  years  they  were   tested:     Alaska  Winter, 
CI  5873   (Trltloun  turjldun)}  Crimean,   Kans.  2489}  Fuleaater 
#4,    Kans.  2621}   PMlcastcr  #11,   Kans.  2623}   Fulcaster  #21, 
Kans.  2322}   Fulhard,    CI  8297}   Fults.    CI   5308   (except  in 
1923)}    Hungarian,   CI  3290-115}   Indiana  Swamp   (later  named 
Saw  vale),    Kans.   62   (except   in  1919)}  Eanmarq   Sel.  215088} 
Kawvale,   CI  8180}   Kharkov,    Kans.  282}  Kofoid,   CI  4337 


(except  1927))  Mediterranean,   CI  3332;  Menno,   Kans.   496; 
Odessa,  CI  3274  (not  tested  since  1922);  Oro,   CI  8220 
(tested  only  In  1928,   but  resistant   In  both  nurseries); 
Prelude,  Kans.  352-2}  Purkof,   Kans.  2612;  Turkey,   K»ns. 
2473;  end  Winter  King,   CI  3546.     The  selections  'toured, 
F1066  and  P1068  showed  considerable  field  resistance  until 
1922.     Since  then  they  have  been  more  or  less  susceptible. 
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C-reenhouse  Studies  wit:}  Leaf  Rust  Physiologic  Form  9 

The  greenhouse  studies  were  made  with  physiologic  font 
9.     A  summary  of  the  reaction  of  seedling  plants  from  seed 
of  the  head  selections  is  presented  in  Table  XI.     In  this 
table  the  rust  reactions  are  grouped  into  suaoeptible   (suae.), 
Intermediate   (int.),    resistant  (res.),  and  segregating 
(sec.)   classes.      This  table  shows   that  in  the  seedling 
stage  most  of  these  selections  were  susceptible  to  physio- 
logic form  9.     The  varieties  showing  resistance  were   i?ul- 
oaster,   RN  11,  Sans.  2623:  Rawvale,   CI  8180)  and  Winter 
King,   CI  5546.     It  will  be   noted  that  most  of  the  selec- 
tions of  the  cross  Kanred  X  Hard  Federation  contained  re- 
sistant plants,    t'oere  being  219  res  Is  tn  rt  lines  out  of  a 
tptal  of  223.      In  tiie   cross   Kanred  X  i-ulcuator  many  resis- 
tant selections  were  found,     fesa  Ckl  291  selections  tested, 
269   contained  resistant  plants.      Pour  selections  of  Kanred 
X  Pulcaster  were  susoeptible,   tiiree  were  intermediate  a.d 
fifteen  were  segregating,      la  tiie  seijretiatlng  selections 
most  of  the  plants  were   resistant.      The   oross    P106B  X 
Fuloaster  is  very  similar  to  the  Kanred  X  fuloaster  in  rust 
reaction. 


•a 

■ 

■ 

c 

11 

a 

• 

2 

oo 

o 

<-i 

© 

Z-M 

P. 

•■  •* 

m 

4  = 

» 

♦=      • 

n  o 

4-1 

+5 

©  CD 
— 1  « 

oo  a 

o 

c 

■  :' 

t4 

■rt 

l* 

|I 

.8 

• 

* 

J 

§ 

0) 

*-i«G 

■ 

3 

OH 

« 

= 

BO 

O  -H 

• 

*« 

) 

|j 

09 

B> 

„ 

.. 

.. 

„ 

„ 

•* 

.. 

_ 

a  -p 

•  1 

■ 

09 

o 

IO 

o 

O  (3 

a  o 

K 

r-l 

r-l 

r-l 

•4<H 

Is 

M 

O  "O 

o 

• 

r-l  a 

Vl   IP 

*» 

8 

o 

o  a 

O  -1 

3 

r-l 

-t 

eg 

•4 

CD     * 

fc  a 

if 

5 

• 

H 

r-« 

Q 

IO 

* 

o 

O 

to 

1 

CO 

j 

CO 

01 

I 

• 
3 
GO 

r-l 

01 

t-i 

r-l 

H 

« 

r-l 

CO 

01 

o 

CO 

•»>© 

•  •     •-••.«     •*    oto> 

00 

•• 

•* 

— 

— 

00 

•• 

•* 

•* 

•• 

01 

— 

"* 

«-l 

h       a 

1 . 

r-l    O         «3 

e<  2     o, 

<o 

(0 

<o 

H 

CO 

01 

0> 

o 

10 

9 

r-l 

CD 

£. 

O  0 

m 

CO 

a> 

■:• 

w 

os 

CO 

09 

3 

» 

10 

o 

■H    09 

4»  3 

h 

r-l 

f"« 

r-l 

0> 

01 

s 

{J 

•*•••■•••••• 

h     -  ' 

it  i> 

Ho       -0  O   99 

a  au  a  ©  n 

r-l 

r-l 

o 

lO 

to 

o 

o 

o 

1 

U» 

CO 

CO 

3 

M  9 

r-l 

r-l 

0] 

r-l 

H 

r* 

r-l 

r-l 

r-4. 

r-l 

01 

o  3      .ci  ©  *4 
PI            ■  *> 

H 

CO 

r< 

on 

•* 

•• 

|| 

M    f« 

33  kt  f 

r-l 

r-1 

01 

r-l 

r-l 

t-i 

H 

r-l 

•0 

ri 

r-l 

01 

o 

©  c 

r-l 

CO 

.1       go 

CD  "0 

.c  e 

«»*> 

■ 

^S 

>5  09 

• 

• 

u  © 

• 

O 

r-l 

cs  to 
F  a 

1 

-i 

•H 
Ox 

s 

• 
«-l 

00 

■0 

I 

G 

12 

o 

4> 

t-i 

(» 

3 

2 

5 

t 

CO  © 

i 

o 

s 

3 

4-1 
© 

8 

to 

z 

& 

1 

ft 

■H 

0. 

e 

OS 

• 

tm 

C 

J! 

p. 

ft 

:_■- 

H 

M 
M 

■ 
■3 

s 

© 

00 

1 

■rl 

r-l 

• 
r-l 

t 
© 

a 

e 

■I 

■a 

H 

1 

• 
ft 

a 

E 

9 

E 

1 

r-l 

m 

i 

■0 

1 

ex. 

© 

© 
*> 
c 

• 

i 

CO 

CO 

O 

3 

r-l 

£ 

ft 

£ 

£ 

t-l 

& 

© 

SI 

EC 

CO 

SB 

u 

a 

A 

r-l 

o 
to 


8 


CO        01 


rH 

rH 

rH 
01 

3 

■ 

■ 

•* 

•• 

•• 

• 

rH 

<0 

10 

■* 

•* 

M 

., 

^ 

., 

„ 

„ 

* 

1 

(0 

•* 

o 

01 

(0 

<* 

10 

3 

1 

o 

(7i 

1 

(O 

«o 

0> 

m 

1 

r-l 

01 

01 

• 

* 

0 

n 

to 

■H 

4> 

to 

o> 

01 

1 

■ 

a 

8 

01 

*» 

rH 

rH 

J 

5 

CM 

01 

<0 

rH 

rH 

a 
o 

•  • 

c 

o 

•» 

M 

•• 

a 

** 

' 

*> 

£ 
« 

? 

■ 

fc 

z 

& 

« 

u 

a 

j 

>> 

1 

£ 

■ 
1 

H 

c 
5 

1 

■9 

a 

•o 

s 

0 

M 

-i 

fc 

rH 

4-1 

<M 

•H 

to 

■: 

* 

£ 

•H 

•H 

B 

2 

■ 

JC 

3 

X 

X 

X 

o 

t> 

o 

X 

X 

lr) 

1 

I 

3 

■r-l 
I 
•H 

•H 

5 

§ 

o 

a 

o 

ft 

rH 

rH 

rH 

1 

1 

1-1 

rH 

rH 

a 

fu 

0. 

M 

M 

ffi 

M. 


When  some  of  t  iese  selection  were  inoculated  the 
see;   -3  tlae,   after  t«  first  inoculation  had  failed,  son* 
resistai  ee  was  found  on  the  upper  leaves.     This  »as  observed 
In  Rldit  and  Xanmarq  selection  and  also   in  selections  of 

i-osses  Zer.red  X  Marquis  aid  P1066  X  Prelude. 

The  head  selections  which  sere  not  planted  in  the 
nursery  In  t!s   fall  of  1923  were   tested  in  the  greenhouse. 
These  data  are  presorted  in  Table  HI.     Tie  results  ob- 
tained sore  very  similar  to  those  presented  in  Table  n. 
This   is  to  be  expected  because  t:d.s  material  is   ids.  tloal 
with  soine   of  the  naterial  tested  previously.      In  addition, 
however,  tests  of  a  large  number  of  selections   of  t:ie  cross 
Karre.:  X     ebrasJea  #88  vers  made.     All  of  the   5G3  head  se- 
lections of  this   orcss  which  were   tested,   shotted  a  rust 
class  of  4,   denoting  complete  susceptibility  in  t  «e   seed- 
Hi  j  sta^e. 
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With  each  planting  of  seed  for  greenhouse  testl~u  a 
few  pots  of  parental  varieties  were  planted  as  checks  and 
these  plants  were   inoculated  with  the   selections  and  hybrids 
belnp  tested.     The  see<J  used  was  for  the  most  part  ^rown 
In  t'  •     an      Imrrovement  nursery  and  was   bulk  seed;   I.e., 
did  not  come  dlreotly  from  individual  heads   or  plants.     A 
summary  of  t'-e  reaction  of  these  varieties   Is  shown  la 
Table  IV.     seventeen  varieties  nere  tested.     The  number  of 
Individual  plants  tested  for  each  variety  ranged  from  57 
to  1335.     Fulonster,    Tnrd  Federation,   Bawvale,  Karquis, 
and  Winter  King  are   the  only  vnrleties  which  showed  any 
resistance.     The  resistance  of  Harquis  was  only  evident 
when  older  plants   (20-30  days)  were  inoculated,  as  the 
seedling  plants  of  this  variety  were  uniformly  susceptible. 
Ful  castor  contains  at  least  two  types  of  plants  as   distin- 
guished by  their  reaction  to  fonn  9  of  leaf  rust.     4bout 
SO  per  cent  of  the   Fuloaster  plants  arc  resistant,  3.9  per 
eent  intermediate   (rust  class  2),  and  te   remainder  are 
susceptible.     Approximately  fourteen  per  cent  of  the   »rd 
Federation  plants  were  resistant,   t  c  ot  era  being  suscep- 
tible or  partially  resistant.     Some  plaits  of  rOinaarq   showed 
en  intoiwedlate  reaction.     This   Is  also  true  of  the  heed 
selections  of  this  variety.     The  author  Is   Inclined  to 


think  the  very  fe»  resistant  plants  in  Nebraska  #28,   Pre- 
lude, and  Shepherd  prolific  are  raec  anical  mixtures.     Of 
the  156  plants  of  the  Sinter  Kiny  variety  whloh  »ere 
tested,   seven  were  susceptible,   the  ot  :ers  were  resistant. 
These   susceptible  plants  in  this  variety  are  probably 
mechanical  mixtures  or  natural  crosses. 


•toble  IV.  —  Summary  of  t;e  leaf  rust  reactions   to  physlolo,  lo 
form  9  of   vai-ioties   used  ue   o  lecka   in  too 
GPoan'KJiiso,   1927-28. 
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•     2 

P1066 
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:  166 
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Shepherd  Prolific 

s            6 

:  107 

:   106    : 

:     1 

Winter  King 

:            9 

2  158 

J       7    : 

3151 

C.  E.    Xelghty  Sel. 

t          12 

i  289 

:  289    : 

«Ru8t  class  2-33  second   Inoculation. 

*#Ru8t   class  0-1  on  upper  leaves,  secor.d  Inoculation. 


Table   V  presents  a   comparison  of  the  greenhouse  re- 
actions expressed  In  rust  classes  and  the  field  reaction 
in  terms  of  per  oei.t  infection  of  toe  selections  tested 
under  both  conditions.     The  maximum  rust  classes  and  the 
maximum  rust  peroentage  on  tite  loser  leaves  sere  used. 
The  rust  percentage  are   grouped  in  classes  of  20  per  cent, 
beginning  slth  10  per  ee.-.t  rust.     Tola   grouping  was  aade   to 
simplify  t he  tabic  as  much  as  possible.      In  a   heavy  rust 
epidemic  those  selections  slth  a  maximum  rust  of  leas   titan 
50  per  cent  can  bo  regarded  as   having  acme  realstui.os. 

Fanaers  Trust,  Illlni  Chief,  Ridit  and  Shepherd  Pro- 
lific sere  susceptible  in  both  t  sts.  Ful  castor  P.:  .  #11 
and  Khwvule  sere  resistant  In  the  greenhouse  and  also 
shosed  so:r.e  resistance  in  the  field. 

Winter  King,  which   Is  very  resistant   to  fom  9  ia  ths 
greenhouse,   showed  only  moderate  reslstai.ee   to  moderate 
susceptibility  in  t  e  field,     Benno  whs   susceptible   in  the 
greenhouse,   but  In  trie  field  had  a  very  low   percentage  of 
leaf  rust.      The  selections  obtained  from  Dr.   C.   E.    Dsl^hty 
were  all  susceptible   In  tie  greenhouse  and  showed  a  side 
range  of  rust  percentages   (10  to  90)  in  t  a  field.     All  of 
ths  parents  except  three  varieties  were  In  the  50  per  Ms| 
rust   olass  In  the  field.     Hard  Federation  had  aome  resistant 
plants  In  the  greenhouse,   but  was  70  per  cent  rusted  in  the 


field.     Kenred  and  Malakof,    both  susceptible  in  tie  green- 
house,  also  sere  la  t»  70  per  cent  rust   class  In  tie  field. 

Kanred  X  Marquis,   1;  eluding  the   named  selection  Kan- 
raarq,   t'iou_h  for  the  most  part  susceptible   in  t  e  green- 
house,   showed  some  remarkable  resistance  in  the   field. 
However,   to  few   selections  of  tills  cross  slth  a   low   rust 
class   in  the  Oreenhouse  wore  aaeng  those  with  t  e  highest 
rust  percentage  in  t  *  field. 

All  tie   Prelude  X  Kanred  selections  were  susoeptible 
to  form  9. with,  the  possible  exception  of  nir:e  apparently 
intermediate  selections.      In  the  field  tliese  selections  all 
had  rust  percentages  of  30   to  50.     P1066  X  Prelude  also 
proved  to   be  more  resistant  la  the  field  than  in  the  green- 
house. 

In  the   cross  Kanred  X  fbrd  federation  t.oro  was  a 
closer  relation  between  greenhouse  and  field  reactions. 
Some  marlasd  reslstoi.ee  was  shown  by  oertain  selection 
under  both  conditions.     Kie  same  is   true  of  Kanred  X  Ful- 
easter.     The  selectious  of  Illini  Chief  X  Karquis  tested 
were  susceptible  in  the  greenhouse  a..d  exhibited  no  marked 
resistance  in  the  field.      Illini  chief  x  Kanrod  showed 
moderate  resistance  in  t  .e  greenhouse  which  was  also  ex- 
hibited in  the  field.     The  selections  of  tfalakof  X  Hittany 
were  susceptible  in  the  greenhouse  and  all  but  one  had  a 
high  rust  percentage  in  the  field. 


61, 

Table  V. — Comparison  of  the  reaction 
crosses  of  winter  wheat  to 
form  9,  In  the  groenhouso, 
field,   1928. 
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In  Table   VI  a  summary  of  tie  greenhouse  re  lotions  of  a 
number  of  hybrid  selections  for  the  years   1927-128  and  1928- 
29  and  t  ie  field  reactions   for  193B   Is  made.      So  eelectlon 
studied  in  tie  field  :»d  a  ruat  class  as  Ion  as  0-1,   but  a 
number  of  selections  shoced  this   hl^li  degree  cf  resistance 
to  physiologic  form  9  in  t'.ie  greenhouse.     On  the  other 

1  a  large  naober  of  wheats  hi-jhly  susceptible  to  form  9 
In  the  greenhouse  »ere  aoderately  resistant  In  the  field, 
with  a  rust  class  of  2-3.      Th«  range  of  rust   clneees  In 
t'ue   field  Is   smaller  than  In  the  greenhouse. 


Table  VI.— Suaaary  of  the  leaf  ruat  reactions  of  the  wheat 
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«4  on  lover  loaves,  0-4  on  upper. 
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Selections  of  Kanred  X  Marquis,  although  shoving 
reslaiti noe  ou  t.ic  upper  leaves  In  the   i^peenhouee  tests   In 
1927-28  were  all  completely  sueco^tlblo  In  the  secdi 
stage  In  the  ^reeiftouse  lu  .     seise  of  these  hybrid 

selections  she*  •  hljsh  dogree  of  resl6toi.ee  in  the  field. 
The   Increased  resistance  of  these  selections  In  the  matur- 
st&ge   Is  probably  eiiullur  to   the   lasottla   parent  as  de- 
scribed by  Johnston  and  Lielchcrs   (27). 

Wenty-one  selections  of  Kanred  X  Hard  federation  seg- 
reg*U-d  for  rust  reaction  In  192S-29  tut  wore  :>esl8U.nt  in 
the  greennouse  tests   In  1927-28.     91th  this  exception  the 
rust  reactions  of  this  cross  for  the  t»o  ye^.rs  agree  fairly 
closely.     Detailed  data  on  ttlt  secret  tlr.^  selections  are 
presented  la  Table  VII.     A  large  majority  of  the  plants  In 
the  segrefcptir^;  eeleetio:is  tested  In  1926-29  ore  resistant, 
as  was   ti*  case   in  1927-20.     The  seedling  resistance  in 
this   cross   comes  trot.,  tie   :!ard  Federation  parent  as  soosn 
by  the  resistance  of  control  plants  of  t  .at  variety  inoou- 
latod  situ  t;»  hybrids.     The  segregation  of  these  selections 
oan  be  explained  if  the  rosist^.oe  of  :*rd  i'edoration  is 
cioiui.i.^t.     j-je   inaritauoe  of  leuf  rust  rosiatu  .co  has  not 
been  studied  in  detail  in  t.se  earlier  generations  of  this 
arose.      It  could  therefore  easily  be  possible  that  these 
selections  are  still   heterozygous  for  rust  resistance. 
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The  greenhouse  rust  reactions  of  the  Kanred  X  tuleuster 
selections   lor  the  two  seasons  correspond  very  closely* 
Hotievor  tiere  are  46  soleotioos  which  segregated  In  1928-29 
that  were  resistant  in  trie  1927-38  greennouse  tests.     John- 
ston (26)   has  studied  the  iuheritai.oe  of  resistance  to 
physiologic  for-n  9  in  this  cross  and  concluded  that  resis- 
tance depends  on  one  main  factor.     Assistance  is   carried  by 
the  Fulcaster  parent  and  is  recessive  to   the  susceptibility 
of  the  Kanred  parent.     In  that  case  »e  should  not  expect 
susceptible  seedlings  from  resistant  plants  of  this  cross. 

A  detailed  account  of  the  segregating  selections   is 
given  in  liable  VIII.     la  most   cases   the  larger  number  of 
plants  of  tisese  segregating  selections  are  resistant. 
Since  only  a  few  plants   could  be  studied  in  1927-28  it  may 
be  that  the  number  was  too  small  to  detect  the  segregating 
selections.     Natural  crossing  In  the  field  and  mechanical 
mixture  of  seed  may  account  Tor  some  of  the  apparent  seg- 
regation. 

There  were  four  selections  which  segregated  la  1927-28 
and  failed  to  segregate  in  1928-29.     However,   in  t  <ese 
cases,  segregation  was  not  marked  In  1927-28.     only  Inter- 
mediate rust  classes  were  found,  withanredomlnatlng  number 
of  low  rust  classes.     Six  selections  segregated  in  both 
years. 
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The  ruat  behavior  of  the  XSnred  X  Fuloastor  oroases 
in  the  flold  corr  to  the  ba:iavlor  of  the 

■  salectlona  tested  in  t'to  greenhouse.     Only  eighteen  of 
I  131  res'.-.-.*,     %  lines  In  the  greenhouse  had  over  40  r_ier 
m  t  rwt  In  t'-ie  field.     Of  t'rie  ten  susceptible  lilies  in 

MM  nil  Bore  nbove  40  nor  ee.t  r»st  in  t:»  field. 
?*ost  of  KM  selections  tested  in  tie  fiold  are  in  t'«  1-2 
avid  2-3  rust  clrsscs.     Only  two  selections  had  n  rust  class 
of  3-4. 
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Table  VIII 

•  " 

-Rust  be  avior 
Kanred  X  Fulca 

of  segre 
star  tes 

gating  bead  selections, 
ted  In  tiie  greenhouse. 

1927   crop    8 

improvement  : 

nursery      s! 

re*    Ho.      i 

*sad8 

dumber 

of  pTCanis 

50 1.; 
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1               2    35     2 

1             2       5 
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1               2       3 
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:          2     4 
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t          :     1 
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1              2       1 
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1              2    49     2 
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8    59     2              I 

2       1 
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8        5     2       8      2        1     i 
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3       1 

:      6    :    10    :           : 

2    99      2               1 

2       1 
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2106     2              I 

2       2 

2561 

:     4    :     9    :           t 

2    76     2               J 

2       4 

i     7    :     3    :      5    : 

:   57     :           | 

2    13 
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2       2 

:   10    :      2    :      4    : 
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2562 


2563 
2538 
4583 
4384 


4386 
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7    : 
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s     8 

1     7    » 

:  12    , 
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:     4 

9    I 

:     5 

4    I 

I  11 
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:  58 
:  39 
:  59 


6 
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The  data  la  the  preceding  tables  have  shown  the  uni- 
formity of  the  seedllr.£  susceptibility  of  selections   of  the 
Prelude  X  Kanred  cross.      Table  V  shows  very   clearly  that 
this   cross  has  a  great  deal  of  resistance  to   leaf  rust  under 
field  oondltlons.     In  1928-29  not  all   the  available  Prelude 
X  Kanred  selections  were  retested  because  of  their  uniform 
susceptibility  in  1928.     Those   tested  in  1928-29  were  all 
found  to  be  oompletely  susceptible.     Table  II  shows  that  a 
few  of  th»  selections  In  tills  oroas  were   intermediate  to 
form  9   in  1927-28.     When  t  :e  progenies  of  thesjhead  selec- 
tions were  inoculated  in  the  greenhouse  with  form  9  in 
1928-29,   however,  a  uniform  and  highly  susoeptible   reaction 
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resulted.      The  intermediate  rust  class  reading   of  these 
strains  in  1927-28  may  have  been  low   due  to  unfavorable 
conditions   for  rust  Infection.     Evidences  of  field  resis- 
tance are  shown  by  the  low   rust  classes  and  the  laru-e  aumoer 
of  selections  Kith  less   than  43  per  oent  rust. 

Reactions  of  Selections  to  Other  physiologic 
Poms  of  Leaf  Rust 

Dr.   E.   B.  Mains  at  Purdue   University  tested  eighty- 
eight  selections  of  bulk  seed  from   the   crop  improvement 
nursery  with  physiologic  forms  3  and  5  in  1927-28.     In  many 
cases   head  selection  tests   to   form  9  were  made  from  the 
same  rows  from  which  the  bulk  seed  was   taken  for  testing 
to  forms  3  and  5  at  Purdue.     Thus   those  selections  wero 
tested  to  the  three  forms,   3,    5,  and  9.     The  results  of  the 
leaf  rust  tests  of  t  lese  selections   to  the  three  forms  are 
summarized  in  Table  IX. 

Physiologic  forms  3  and  S  are  prevalent  in  Indiana. 
Form  9  is   the  most  common  one  in  Kansas,  although  forms  3 
and  5  and  other  forms  are  also  found. 

All  the  selections   tested  sere  susceptible   to  form  3 
except  one   Kanred  X  »rd  Federation  selection  and  it  *as 
segregating.     Xawvale  and  Winter  King  were  highly  suscep- 
tible  to   forms  3  and  5,   but  resistant   to   form  9.      The 
Illlnl   Chief  selections  wero  both  susoeptible   to  forms  3 


,. 


and  5.      Tarmrg   showed  aome  80,.;rc,;otloa  for  reaction  to 
form   5. 

In  t!io   oroan,   Prelude  X  ttinred,   five  selections  were 
found  to  be  hljhly  resists. t  to  form  5,   two  reals  tart,  or 
noderrtely  susceptible,  and  t*e;;ty-four  complete! 
tlbio.     T!ieae  24  selections  were   susceptible   to  all  three 
forms.     There  tias  snnrl.-ed  segregation  to  form  5  In  a   number 
of  fieae  solectlons  which  tier©  uniformly  susceptible   to 
forms  3  and  9,   lafMMiog  t  »t  t!ioso  strains  are  not  fixed 
as   to   their  r  to  form  S^t  leaf  rust. 

Selections    In  tie  Bar-red  X  Fulonator  cross,   »one  of 
which  carry  hijh  realstance  to  fcrm  9,   nere  all  susceptible 
to  form  S.     Seventeen  of  t'ie  24  lines   tested  to  fcrtn  5 
were  also  susceptible.     The  rea*lnirij  seven   .  f  t  99*  selec- 
tions segregated  in  their  reaction  to   fore,  5. 
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Dr.  Hcins  also   tooted  585  !ieod  selection*  of  F&  seed- 
lings  la  the  cross,   Kanred  X  Nebraska  #28,   to   form  5. 
These  results  are  smurerlsed  In  lable  X. 

These  selection  were  made  on  t'.ie  basis  of  time  of 
maturity.     A  awary  of  the  reactions  of  t  lese  selections 
to  physiologic  fern  9  Is  given  In  Table   III  which  shows 
that  nil  the   line*  of  Kanred  I  .jebraekfc  .^28  were   completely 
susceptible.      This   Is  tie  expected  beliavlcr  as  botu  parent 
varieties  are  susceptible   to  form  9. 

To  physlologlo  form  5,   Kanred  has   some  resistance 
(rust   class  2-3)  and  Nebraska  #28  Is   completely  susceptible 
(rust   class   4).      No   conscious  selection  has  been  made  for 
resistance  to  leaf  rust  In  the  earlier  generations  cf  this 
cross. 

From  iable   x  It  nould  appear  t'.jat  susceptibility  to 
form   5  Is   dominant.     The  large  number  of  pure  breeding 
linos  falling  In  rust  class   4  and  the  large  nuabor  of 
segregating  lines  described  as  mostly  susceptible  support 
this   conclusion.     A  number  of  genetic  factors  must  be 
assumed  to  account  for  the   increase   In  resistance  of  some 
of  the  hybrids  over  ti»   Kanred  parent.     Many  plants   in  the 
segre^ati:.^  selections    had  r.»t  classes  of  0  ar.d  1,   but 
none  bred  true   for  a   rust  class  lower  than  2. 


Table  .X. — Summary  of  the  leaf  rust  reaction*  of  P5  Kanred 
X  itebrasta  #88  •eedll.0»  to  physiologic  form  6. 
(Data   from  Dp.  E.  B.  Maine,   Purdue   University) 
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These   comparisons  of  rust  reaotlor.s  of  hybrid  lines 
to  different  forms   cf  rust  emphnslse  a   number  of  points   to 
be    considered  In  studying  rust  resistance: 

(1)  A  variety  or  selection  say  be  uniformly  susceptible 
to  one  form  of  leaf  rust  and  resistant  to  another. 

(2)  K  variety  or  even  a  pure  line  nay  be  uniformly  re- 
sists rt  to  one  form  and  aearegatiivr  to  anot!ier.     Thus  our 
co   caption  cf  pure  lines  Is  very  arbitrary  and  la   neces- 
sarily restricted  to  the   characters   to  which  t:«   behavior 
of  tne  line   is  known. 

(3)  Lewf  rust  resistance  must  bo  studied  with  known 
foms.     Those   forma  most  prevalent   in  V®  area   in  which 

the  wheat   Is   to  bo  grown  should  be  given  first  consideration. 

(4)  The   behavior  of  a  selection  of  wheat  to  a   form  of 
rust   is   Independent  cf  its  behavior  to  other  forms,    though 
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some  varieties  a.id  eolootio.i*  aru  resistuut   to  acru  than 
one  form  cf  rust. 

Cor  illation  studies 

Sable  XII  sumnarizes  tie   correlation  studios  tut  Jere 
made* 

It  was  believed  that  statistical  a.slyais  of  some 
phases  of  tills  problem  would  be  of  soae  Interest  and  value. 
In  ma.ij   caeja  an  aocurate  knowledge  of  t he  relations  of 
diffeve.-t  characters   Is  desired  and  If  the  variables  In 
these   comparisons  are   correlated  statistically.  It   is  pos- 
sible to  obtii-  a  definite  measure  of  the   clo»exjwss  of  the 
relationship* 

Bbr  lnsUi.ee  it  is  desired  to  correlate   the  field  and 
the  ^reejuaouse  reactions.     itowevsr,  in  t.ie  greenhouse,   the 
rust  notes  are   taken  only  iu  rust  classes  -.ihlle  In  the 
Held  t  ie   notes  are  usually  taken  in  terms  of  percentage  of 
rust  infection.     In  the   leaf  rust  nursery,   1928,   detailed 
notes  were  taker,  on  each  row.     The  ruat  percentage  on  the 
upper  and  lower  leaves,  the  ri»t  class,  and  a   description 
of  tho  type  of  Infection  were  recorded.      The8*  data  offered 
an  opportunity  to   study  the  relation  of  rust  classes  and 
rust    wrceituges  on  the   same  material.     The  maximum  rust 
percentage  on  lower  leaves  was  used  because   it  is   usually 
higher  than  t  :o  rust  i^roenta^e  on  t :-ve  upper  leaves-     Tb» 
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maximum  rust  class   was  also  used  in  each  case.     Table  XI 
shows   the   correlation  surface  of  this   comparison.     The 
correlation  ooefflolent  la  high,   .7828  ^  .0065,    lidlcatlng 
that  these  measures  of  rust  reaction  may  be  used  Inter- 
changeably with  a  high  degree  of  dependability.     On  the 
basis  of  this  high  correlation  one  would  seem  to   ba  justi- 
fied In  correlating  rust   classes  in  the  greenhouse  with 
rust  percentages  In  the  field. 
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TRblo  Xl.--Correlitlon  of  the  maximum  rat  olaases  and  the 
maximum  rust  peroer.te^ea   la  tae   leaf  rust  nur- 
sery,  1928. 
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The  asco-  -d  correlation  study  was  made  to   seo  if  the 
field  rust  poroenta0es  of  the  selections  which  were  sent  to 
Dr.  Mains  were   correlated  for  the   years   1927  ar.d  1928.     The 
number  cf  selections  »*s   rather  small,   bat  a  ai^iJ-flcant 
correlation  was  found,    .413  ±_  .069.     This  value  of  r  In- 
dicates that  the  reactions  of  the  varieties   tested  tend  to 
remain  about  t'>e  same   la  two   coi-eecutive   yeers.     The  third 
p.rd  fourth  correlations  are  comptu'lao.is   of  the   ^roenhouee 
rust  classes   In  1987-28  ar.d  1928-29.     The  figures  were 
taken  from  Table  VI.     In  one  case  the  value  for  r  was 
.  630T-  +  .0241.      ^jwevsr,   lr.  msklr.^  up   t:;0   correlation 
taclo  the   ee£rei*1'tl-rj£  selections  sere  Included  aud  were 
classed  above   the   tyre  4  (completely  susceptible)   reactions. 
This  placlr.g  cf  the  seere£,atlik  classes  Is  quits  arbitrary 
and  may  be  subject  to  criticism.      The  Indus!  J  segre- 

gating selections   In  the  correlation  table   naturally  lowered 
the  value  of  r.     Another  correlation  tabid  was  made  up  In 
which  %M  segreg^ti   a  lines  viero  omittod.     T-J9   vory  high 
value   of  r,   .9716  j^  .0021,   l.^dlcntea  to  v  proba- 

bility of  the  3eloctlor.a  ren a  same  la  a-.ccesslve 

years   If  tented  to   the  same  form  ef  runt,   provided  t  ere  Is 
no  so~ro~nt'on. 

The  fifth  aud  sixth  correlations  are  between  rust 
classes  in  the  greenhouse,  1927-28,  and  the  field  rust 
percentage,   1928.     These  values  are  much  lower.     One  of 


thaia   (.232  Jt,  •C'12)    is  artistically  significant,   but  la 
iot  of  isuch  pructioal  value,     lae  extremely  Ion   value  of 
.0539  _+  .0533  for  feM   alxta  oorroJUtloa  is   due   to   ths 
relatively  large  number  of  segregating  stittctiozs   included 
Is  t  >e  groeohouae  studios.     TUe  seventh  oor-roiatlon  is  vory 
much  like  t:e  procedi.._  ojom  except  tin*t  the  ra»t  classes 
in  feha  field  are  used  lnateud  of  tte  rust  pereo-ta^es.     The 
w»li»  of  r,   .1411  ;£,  .032o,  is  lou  and  of  doubtful  statis- 
tical *i  .co.      :©r©  a0ain  the  large  nun bur  of  segre- 

i:iee   tends  to  reduce  t<»  value  of  r.      |tM  eighth 
correlation  is  very  similar  to   tua  sixth  except  in  this 
ease   the  greenhouse  rust  classes,    1923-^9,  are   m  rrelated 
with  rust  percentages  !a  the  fleid  in  1328.     The  value  of 
r,   .134:  £  .0i-'2C,   is  Ion,   tost   u  af  statistical  signlfi- 
oar.ee.      The   :ii..th  oorrolutloa  is   bet*«»eu  tiie  greenhouse 
r'^t   clasaoa   ta  1J20-29  and  field  rust  classes  la  1928. 
The  value  of  r,    .116  ^  «03o,   is  lo*  and  ins   neit-»r  statis- 
tical nor  practical  ait.niflou-.ee. 

The   inter-an-owl   coi-rela t-ion  (:*©.  2)   i;  dloutes  ti»t 
t  I   rust  behavior  in  tie  field  from  year  to  year  is  signifi- 
cantly correlated.     The  rust  behavior  in  t:e   greenhouse 
frc.^!  year  to   year  is   v«sry  highly  correlated  »nen  a   single 
foiw  of  rust  and  homozygous  strains  of  wheat  are   i«ed. 
The   correlations  between  the  rust  behavior  of  seedlings  to 
form  9  in  t  he  greenhouse  and  of  Mature  plants  in  t '-m  field 


= 
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•here  form  9  Is  prevalent  are   low.     Some  of  them  are  sta- 
tistically significant,   but  none  of  tijera  are  of  much  prac- 
tical value. 

Correlations  10  and  11  are  between  greenhouse  reactions 
of  the  seleotlons  tested  to  form  &  at  Purdue   University  and 
the  field  reaotlonsat  Manhattan  in  1927  ar-d  ftSMi   respec- 
tively.    Very  low  and  statistically  insignificant  values 
of  X'  sere  obtained,  indicating  tiat  rust  reactions  to 
physlolo_lo  form  5  are  independent  of  the  field  reactions 
of  the  seleotlons  at  Manhattan,   Kansas. 

Bo   correlation  studies  involving  form  3  sere  made, 
because  all  the  selections  except  one  sere  susceptible   to 
thlu   fofls» 

I/>af  Rust  Reaction  of  Hybrids  *.n 
Different  Stages  of  "irowth 

This   study  was   thought  desirable   because  cf  the  pecu- 
liar resistance  shosn  by  sons  of  the   hybrids  In  1927-28 
•  hen  older  plants  were  inoculated.     About  250  representative 
samples  from  each  of  the  oroases,   Zanred  X  iiarquis  and 
Prelide  X  Fnru-ed,  were  used.     As  .-nany  pedigree  selections 
sere  rapre&anted  as  possible,     needling  inoculation  was  done 
by  hand  to  insure  infeotlon.     All   the  hybrids  as  well  as 
the  parental  strain   were  susceptible   in  the   seedling  stage. 
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The  data   comparing  the  rust  reactions  of  hybrids  and 
parental  varieties  in  different  stages  of  growth  are  pre- 
sented in  Table  XIII.     Many  of  the  plants   tested  in  the 
seedling  stage  died  before  the  second  inoculation  was  ma 
Only  those  plants  whieh  were  inoculated  la  both  stages  of 
growth  are  Included  in  the  summary  presented  in  Table  XIII* 
All  of  the  plants  of  both  crosses  and  parental  varieties 
had  a  rust  class  of  4  alien  inoculated  in  the  seedling  stage* 
Due   to   the  failure   to  secure   infection  on  some  of  the  plants 
in  the  seedling  stage  rust  notes   could  not  be  taken.     This 
accounts  for  the  smaller  number  reported  in  the  seedling 
stage   than  in  the  heading  stage. 

This  study  indicates i 

1.  The  three  parental  varieties,  Kanred,  Marquis  and 
Prelude  exhibit  some  reslstauoe  In  the  heading  stage—the 
stage   In  which  the  rust  notes  are   tuken  in  the  field. 

2.  This   type  of  behavior  is  inherited  by  the  hybrid 
offspring  in  both  crosses,    Kanred  X  Marquis  and  Prelude  X 
Kanred. 

3.  Some   hybrids  are  more   resistant  in  t!ie   heading 
stage   than  eitier  parent,  which  indicates   that  a   number 
of  faotors  govern  the  reaction  of  hybrids  in  the  heading 
stage.      These  faotors   cannot  be  studied  by  means  of  inocula- 
tions made  only  in  the  seedling  stage  because   the   visible 

effects  of  these  genetic   factors  are  not  exhibited  till  later 

/ 


. 


In  the   life  of  the  boat  plant. 

One  family  In  tie  cross   Kanred  X  Marqula   from  ro* 
#2755  of  the  1927    crop  Improvement  nursery  showed  remarkable 
resistance  In  the  heading  stage.     Representatives  from  three 
head  selection  progenies   from  this   ro»  were  tested.     Only 
one  plant  In  this  family  *as  moderately  susceptible   (rust 
olass  2-5)  and  the  other  nine  plants  eere  highly  resistant 
(rust   olass  0-1). 
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1.  A  survey  was  mode  of  the  leaf  rust  percentages  of 
varieties  grown  In  the  leaf  rust  and  crop  Improvement  nur- 
series since  1917.     Data  wore  obtained  In  all  seasons  alien 
the  amount  of  leaf  rust  present  was  sufficient  to  provide 
to9  reliable  estimates.     Very  few  of  t  ese  varieties  have 
maintained  their  resistance  in  tiie  field  during  this  period 
of  years.     OSJOse  which  have  low  rust  percentages  j,n  the 
years  tested  are  i     Pour  selections  of  Puloaster,   R.H.  4,  11, 
21  and  FulhardJ   FultB,   CI  5308;   Hungarian,    CI  3299-lH; 
Indicia   Swamp,    Kans.   #62;  Kawvale,   CI  81801  Me di terra nean, 
CI  3352;  Kenno,   Hans.  #496;  Oro,    CI  8220;  Prelude,   Kans. 
#352-21  Purkof,   Kans.   #2612;  Tenmarq,    CI   6936;   Turlsey,   3*ns. 
#2473;  and  Sinter  King,   CI  3546.      Kanred,   F1066  and  P106B 
though  showing  considerable  resistance   in  the  field  prior 

to  1922  have  since  then  been  more  or  less   susceptible. 

2.  a  l*rte  numbor  of  seedling  plants  from  iiead  selec- 
tions  in  varieties  and  crosses   showing  leaf  rust  resistance 
In  the  field  In  1927  sere  tested  to  physlolo^lo  form  9  In 
ths  greenhouse,   1927-28.      Puloaster  R.N.   #11,   Kawvale  and 
Winter  King  showed  resista.ee   in  the  seedling  stage.     Re-    • 
sistaroe  was  also  found  In  t  «   crosses   Kanred  X    »rd  Federa- 
tion and  Kar.red  X  Fulcaster.      The  other  hybrids   tested  were 
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all  susooptible.     Hovtevr,  wi-en  Inoculated  when  twenty  to 
thirty  days  old,   some  plants  showed  resistance  on  the  upper 
leaves.     A  few   Prelude  X  Kanred  and  Kanred  X  Marquis  selec- 
tions behaved  In  this  manner. 

3.  A  number  of  parental  varieties  were  used  as  checks 
In  the  greenhouse  studies.     Resistance  was  found  In  Kb*  vale 
and  Winter  King.      Hard  Federation  and  Puloaster  contained 
both  resista-.t  and  susceptible   types.     All  ot  :or  varieties 
were  susceptible. 

4.  Comparisons  were  made  of  MM   greenhouse  reaction  of 
seedlings  to  form  9  in  1927-28  and  the  field  rust  percen- 
tages of  mature  plants   In  1928.     In  general  the  selections 
susceptible  to  foim  9  in  the  greenhouse   had  higher  rust 
percentages   in  the  field  than  the  types  resist  ait  to  form 

9  In  the  seedling  stage,      "foeevdr,  many  exceptions  were 
noted. 

5.  Greenhouse  tests  of  lines  grown  In  the  leaf  ra»t 
nursery,   1928,  were  made  in  1928-29.     The  hybrids  used  in 
this   study  were}  Kanred  X  Marquis,   Kanred  X  "lard  Federation, 
Kanred  X  Puloaster  and  Prelude  X  Kanred.      The  material 
tested  In  1928-29  behaved  vary  similarly  to  that  tested  in 
1927-28.      However  a  nun  bar  of  selections  were  found  to    be 
segregating  for  rust  resistance  in  1928-29,  which  were  re- 
sistant the  previous    year.      These   reactions  were  explained 
•8  «*gregatlons  of  the  heterozygous  though  phenotyploally 


resistant  plants   In  1927-28.     If  the  reslstanoe  of  the   Tard 
Federation  parent   is  co:isldered  dominant  this   sit  intlon  la 
easily  explrli.od  because  no  selection  on  the  basis  of  rust 
resistance  has  been  made  previously,     la  the   cross  T.anred 
X  Pulcaster  the  preaor.ee  of  segregating  lines   la  believed 
to  be  due   to  mac  lanlcal  mixtures  of  aeed  and  to   natural 
crossing  la  the  field.      The  number  of  auaoeptiblo  plants 
In  fie  segregating  selections  Has  usually  very  small. 

6.    Bulk  seed  from  a   number  of  selections  was  tested 
to  phyalolotjlo  forms  3  and  5  In  1927-28.     A  summary  of 
this  study,   together  with  comparisons  with  the  reactions 
of  head  selections  from  the  same  rows,   shows   that   (a)   the 
three  physiologic  formB  are  very  distinct  In  their  host 
relationships,   (b)  all   the  selections   tested  exoept  one 
were  susceptible   to  form  3  and  (c)  a   number  of  selections 
uniformly  susceptible  to  form  9  were  segregating  for  re- 
action to  form  5. 

7.  A   number  of  correlation  studies  were  made  frcn 
which  the  following  generalisations  were  drawn; 

(a)  In  the  field  the  rust  classes  (0,  1,  2,  3,  4)  and 
the  rust  percentages  (0  to  100)  are  both  reliable  measures 
of  rust  resistance  and  susceptibility. 

(b)  The  rust  classes  of  a  group  of  selections   tested 
as   seedlings  in  the  greenhouse  are   usually  significantly 
correlated  with  the  rust  reactions  of   the  same  selections 


In  the  field.     The  value  for  r  In  these  studies  m  ijoi  fro* 
.05  to  .28.     Lo«  values  for  r  were  due  to  segregation  In 
the  greenhouse  material. 

(e)  '"hen  homozygous   seedlings  were   lnooula ted  with 
physiolojic  fora  9,   the  rust   classes  were  very  highly  cor- 
related with  the  rust  classes  the  following  year  (r  s  «97). 

(d)    The  field  reaotion  at  Manhattan  is   independent  of 
the   greenhouse  reaction  to  physiologic  form  5  at  LaStayette, 
Indiana,    (r  s  -.05  arid  .006). 

8.  A  number  of  selections  taken  at  random  in  the 
orosaes,  Kanrod  X  liarQula  and  Prelude  X  KBnred,  were  tested 
to  physiologic  fonn  9  in  the  greenhouse  in  1928-29  at  dif- 
ferent stages  of  growth.     All  these  selections  were  suscep- 
tible in  the  seedling  stage.     The  mortality  of  the  plants 
was  high  due  to  poor  greenhouse   conditions.      Rust  inocula- 
tions were  made  in  the  heading  stage.     The  conclusion  drawn 
from  this  study  is  that  some  hybrid  plants  which  are   com- 
pletely susceptible  in  the  seedling  stage  show  varying 
degrees  of  reslstar.ee  in  the  heading  stage. 
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Plate  I.     Sonle  used  for  estimating  rust 
percentages  In  the  nursery. 
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Plate  II.     Rust  reaction   of  certain  hybrid  selections 

•  hen  inoculated  with  physiologic   fonn  9  ia  the 
Greenhouse. 

The  t»o  groups  at  the   left  are  leaves   from 
Kanred  X  »rd  Fedeiwtlon  seedling*  shewing  a 
typical  0  reaction. 

The  group  at  ttfl  rl^ht  are  leaves  from  Prelude 
X  Kanred  seedlings  showing  a  typical  4  reaction. 
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